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The High Energy Physics detector CMS (Compact Muon Solenoid), installed a the Large
Hadron Collider (LHC) at CERN, Geneva, has been built by an International Collaboration; CMS
will measure and identify the particles from proton-proton collisions. One of the CMS component
is the Preshower sub-detector, comprising 5000 silicon strip sensors connected to Hybrid Front
End Boards for the readout. This paper focuses on an in-kind contribution of Greece. This work
was carried out by researchers, engineers and managers from a medium size Company, Prisma
Electronics, located in Alexandropolis and researchers from CERN in Geneva, Demokritos in
Athens and the University of Ioannina. The number of pieces fitting the technical specifications
was close to 100 %. Because of that, in March 2009, Prisma received as a recognition a CERN
CMS gold award .
1 Introduction
CERN s currently major project is the Large Hadron Collider, LHC, which will be operational
by November 2009. LHC is a superconducting particle accelerator with a 27 km circumference.
Two proton beams circulating one clockwise and one anti-clockwise, collide in 4 regions where
large detectors for the identification of the debris of collisions, have been built. One of these
apparata is the Compact Muon Solenoid, CMS, consisting of a massive magnet equipped with
several embedded particle detectors. More precisely, the magnet system consists of a 4 Tesla
Solenoid Superconducting Coil,having a 6m free bore, 13m length, enclosed in a Return Yoke,
comprising the Barrel Yoke and the two End-Cap Yokes.The return Yoke is designed as a regular
twelve-sided structure. The main dimensions of the complete detector are: length 21m, outer
diameter 14.8m and total mass 12.500 tons. The whole apparatus has an onion like structure with
a succession of detectors both in the barrel and in the forward regions for determining the event
topology, the nature and the energy of the emerging particles.The momentum of the charged tracks
is derived from the curvature of a strong magnetic field, while the particle identification is made
by a succession of electromagnetic and hadronic calorimeters followed by muon detector. The
experiment is devoted to the Higgs-Bosons physics, to SUSY particle search, to test the validity of
the Standard Model which is actually the prevailing theory. It is financially supported by mutual
collaboration procedures. In this respect , CERN has placed an order to the Greek Firm, Prisma
Electronics, the lowest bidder complying with the technical specifications for the production of
5000 hybrids Front-End Boards, [1] for the readout of data from the silicon strip sensors of which
the Preshower subdetector of the electromagnetic calorimeter is made. We shall focus on the work
made for the production, testing, quality control and delivery of the items described.
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2 Preshower in general
The aim of this high granularity Preshower, [2] is to identify the neutral pions in the endcap
within a given region, to help to the identification of electrons against the minimum ionizing
particles(MIP) and improve the position determination of electrons and photons . It has the
shape of a disc of 2.5m diameter and 20 cm thickness ; acting as a calorimeter with two layers lead
radiators, it generates electromagnetic showers for the incoming photons/electrons .Silicon strips
sensors placed after each radiator measure the deposited energy and the transverse shower profile.
Each silicon sensor having an area of 63×63 mm2. is divided in 32 strips; the MIP deposit a 3,6 fC
of charge while the front end electronics placed on aluminium tiles, reads out the data.The sensor
+ front-end electronics + aluminium support, is called micromodule. About 4300 micromodules
capable to read-out 137.000 channels have been built. The lead planes are arranged in two Dees,
one at each side of the beam pipe, see Fig.1 .
Figure 1: Preshower disc Artist’s view
3 Organisation of the work
The CMS experiment is financed by its supporting collaboration through mutually agreed proce-
dures. A CERN team organised and specified the production of the Hybrids Front End Boards
while the Greek Industrial Liaison Officer, one of the present authors, was in charge of the ten-
dering, contract and follow-up of the manufacture and supply by the firm Prisma Electronics in
Alexandropolis.This was in-kind contribution of researchers from Demokritos and University of
Ioannina.They have played an important role from the tendering till the acceptance of the goods.
In this context CERN operates like a general contractor and therefore is obliged to make controls
for the quality and the full traceability of the materials and operations.
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4 Preshower electronics: the Hybrids Front-End Boards
This is a 6 layer printed circuit board of 3*9cm with both flexible and rigid parts. It is stuffed
on one side with Surface Mounted Components like ASIC PACE 3b, ASICDCU, passive elements
and one connector. It operates at a temperature of -10C, but can tolerate a drop down to -20C. It
operates in a 4 Tesla magnetic field and withstands a radiation hardness of 10Mrad and a neutron
flux of 2× 1014cm−2. The total number of boards produced is 5000 and includes a pre-production
of 112 and a series production of 4888(2444 HFEL,2444 HFER) see Fig.2
Figure 2: micromodule
5 From the Gerber and Drill files to the stuffed boards
5.1 Prisma Electronics
• Analyzed all technical specifications and CERN requirements
• Organised the production procedures
• Supplied part of the components (mainly passive ones)
• Received components from CERN
• Received the main IC from Ioannina Univ., loaded with the proper software
5.2 Preseries Production
It was a wide range long lasting test as preproduction phase. Since the future operating envi-
ronment in CERN/CMS was of high radiation and no further intervention allowed after hybrids
installation, a lot of technical issues were investigated in Prisma premises and a series of hard tests
(even destructive) took place in CERNs laboratory. During this phase a number of 500 hybrids
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approximately (more than initially scheduled) was produced in three different PCB manufacturers
and finally one of them was selected to continue.
5.3 Series Production
A number of 4.500 hybrids were produced within the Jul 07 Jul 08 period and forwarded to
CERN in 12 partial deliveries. The whole production lasted more than the time estimated, due
to changes during the preseries production, which concerned mainly the improvement of the PCB
itself, firstly for minor operational modifications and secondly for changing its surface (pads).
6 Functionality tests and Quality Control
Functional tests, according to CERN specifications and using a CERN provided test-kit, were
carried out to verify the operational status of each Hybrid. All the results produced were registered
and sent to CERN for evaluation. After production procedures manual intervention were not
necessary for repair & rework actions, as CERN asked for. Although Prisma Electronics is ISO
9001:2000 certified, special and strict Quality Control checks were defined and applied during
the production phase on each single Hybrid. The project was characterised as of top importance
program and it was so handled from all Prismas personnel.
7 Documentation and Delivery
New forms designed to register all quality control results were applied from the very beginning to
the end of the project. By the conclusion of the work, Prisma delivered all engineering folders to
CERN/CMS. Batch deliveries were made using wooden cases, specially designed for the project,
minimising the accidental damage. In fact, no problem occured on transportation.
8 Conclusions
Technology Transfer is a fundamental spin off of basic research and the work reported in the paper
is a good example. The excellent performance of Prisma, led last March, the CMS Industrial Award
Committee to give as recognition a Gold Award.
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